Abstract : The electrochemical analysis of silver ion was performed using cyclic voltammetry (CV) and square-wave (SW) stripping voltammetry, and electrode cell systems were fabricated with graphite pencil electrode (GE) of working, reference and counter electrodes. Also electrolyte was the use of sea water as electrolyte solutions instead of ionic controlled solutions. The optimum analytical conditions for the cyclic and stripping parameters were determined using GE. The results approached the microgram working ranges of SW(ug/L) and CV(ug/L) Ag, and the optimum conditions were applied to frog's tissue and the food samples.
Introduction
Inexpensive electrochemical voltammetric methods of detecting silver ion of Ag(I) have been developed. Usually Ag/AgCl electrodes and a platinum wire electrode are used as reference and auxiliary electrodes, respectively.
In this study, three graphite pencils were used as working, reference, and counter electrodes. The Ag/AgCl electrode and a platinum wire electrode are expensive, but graphite pencil is cheap and can be easily obtained. Renewable graphite pencil writing devices have been available for many years [1] . Graphite has been used as an electrode  † Corresponding author (E-mail : suwyoung@snut.ac.kr) system, is renewable and has the lowest cost, and can effectively detect materials. Examples are the inexpensive and renewable pencil electrode used in field-based stripping voltammetry (1), the GE electrode used for the voltammetric-behavior and square-wave voltammetric determination of trepibutone [2] , and the pencil-lead bismuth-film electrodes for the determination of trace metals via anodic stripping voltammetry [3] , moreover, the base and acid solution is often used as an electrolyte solution. This ionic solution is expensive and can contaminate the water controls. However sea water was used as electrolyte solutions in this paper, as it is cheap and good for the environment.
The toxicological-tolerance level of silver compounds in man is rather low (about 0.05 mg = L chronically) [4] . Further, silver has many technical uses, such as in photography, dentistry, and electronic compounds. It is also increasingly being used in the field of medicine and in cosmetics. Topical lidocaine in silver sulfadiazine cream has been reported to be capable of alleviating pain due to cancer or treatment-related painful skin conditions [5] . Moreover silver-based epithelial carcinoma cell lines silver [6] [18] . Also these methods involve complicated and cheap preparation techniques require. Thus simple GE techniques and expensive sea water electrolyte were used in this study, and the redox peak current was attained at a low detection limit. It can be applied to a frog's leg and to eundan, a supplement that helps to in vivo diagnostic assay.
Experimental Device and Electrode Preparation
Electrochemical instruments were used with the new Bioelectronics-1 system, which was first constructed at the authors' institute, the new version is a computerized handheld voltammetric sensor with a 2.4 V potential range, a 2 mA current range, a 10-pico A measuring current, and a 5"4"1" instrument size, and which uses a rechargeable battery or external power and has a USB port interface with a PC. The instrument is as big as a typical cellular phone, and it can be used for the bioassay and sensor techniques for individual and laboratory applications, graphite (DongA XQ, ceramic, 60 mm, 0.9 B) was used as working and reference electrodes and as an auxiliary electrode.
Results and Discussion

Cyclic voltammetry and electrode
comparison First, sea water was used as electrolyte solutions. Usually, the Ag/AgCl and platinum wire electrodes served as the reference and auxiliary electrodes, respectively. Graphite pencil electrode was used in this solution, however, on their behalf. The working and counter electrode was also graphite. Fig. 1(A) shows the CV result using the three GE systems. No signal was obtained in the blank seawater solution. Here, 10 to 90 mg/L Ag was spiked. When 10 mg/L Ag was spiked, a small peak current (8.724x10 -5 A) was obtained at -0.8 and -1.3 V, but when 20, 30, 40, 50, 60, 70, 80 , and 90 mg/L Ag were spiked, then 13.76, 17.38, 20.65, 22.66, 23.27, 28.47, 31.11, and 44.46x10 -5 A peak currents were obtained, respectively.
These results show that the more Ag was spiked, the higher the peak current was obtained. Fig. 1(A) and (B) show the voltammograms and the linear curves of the oxidation and reduction currents. 
